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INTRODUCTION AND STATEMENT OF PROBLEM 
The microcirculation represents a vital link in the 
transport of material to all regions of the body. The 
walls of the small blood vessels, which are selectively 
permeable, perform the remarkable job of retaining most of 
the plasma proteins while allowing passage of smaller mole-
cules. These plasma proteins retained by the blood create 
a colloidal osmotic pressure which makes it possible to 
maintain the circulating volume of the blood. 
A detailed knowledge of the ultrastructure of the 
m~crocirculation is fundamental if the mechanisms of trans-
vascular exchange are to be understood. By utilizing the 
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high resolving power of the electron microscope, i.e., 10-30 A, 
cellular ultrastructures become visible, and general patterns 
of reaction to chemical treatment may be revealed. In or-
der to increase our understanding of small blood vessels 
and transvascular exchange, studies have been carried out 
with the electron microscope, using tracer materials in the 
blood and treatment with substances known to produce vaso-
dilation, increased permeability and increased fragility. 
The first step was to find a suitable tissue for 
ultrastructural studies of capillaries. Then the following 
chemicals were selected for use: snake venom, histamine, 
and serotonin, which are vasodilators known to increase 
permeability; hyaluronidase which is known to increase 
permeability by its effect on hyaluronic acid; dextran, 
extensively used as a blood substitutej and an iron la-
belled dextran called Imferon. The latter two substances 
were utilized because of the bleeding defect which has been 
attributed to dextran and the potential value of Imferon 
as a tracer in the study of transvascular exchange. 
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REVIEW OF THE LITERATURE 
William Harvey, an English physician and anatomist, 
is celebrated as the discoverer of the circulation of the 
blood. He perfected his theory in 1616 and published his 
findings in 1628 under the title, 11Essays on the motion of 
the heart and blood. 11 His discovery that the heart re-
ceives blood from the veins and propels it through the 
arteries, prepared the way for Malpighi to demonstrate 
the capillaries as the final link between the arteries and 
veins. Thus the complete chain of circulation was estab-
lished. 
Transport of Solutes 
Starling (1895-1896) formulated an hypothesis to 
explain the principal factors regulating exchange of water 
across the capillary walls. He stated that the direction 
and rate of water flow between plasma and interstitial fluid 
was dependent upon the balance between colloidal osmotic and 
hydrostatic forces acting across the membranes, and upon the 
physical properties of the capillary membranes considered 
as mechanical filters. This mechanism depends on the rela-
tive impermeability of the capillaries to plasma colloids 
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and on the low hydrostatic pressure of the interstitial fluid. 
4 
Two different theories have been advanced to explain 
the transport of solutes. One' is the process of bulk flow 
and the other is diffusiog. Danielli and Davson (1941) and 
Danielli and Stock (1943) found that maltose and glucose 
enter the interstitial fluid at about the same rate in spite 
of a two-fold difference in molecular size. Their explana-
tion was that non-colloidal constituents were brought to the 
interstitial fluid by a process of bulk flow. However, 
Kruhoffer (1946), Flexner et al. (1948), Hyman et al. (1952), 
Catlove (1954), and Pappenheimer (1951) consider that for 
smaller molecules the rate of transcapillary transport is 
explained almost completely by diffusion. Pappenheimer et 
al. showed that while hydrodynamic flow through capillary 
pores was less than 2~ of plasma flow, diffusion of small 
molecules took place at 10 to 80 times the rate at which 
they were brought to the tissues by the blood. For larger 
molecules such as plasma proteins, however, hydrodynamic 
flow becomes important. He also concluded that the whole 
surface of the endothelial wall was available for passage 
of oxygen, carbon dioxide, and lipid soluble molecules while 
lipid insoluble molecules pass only through water filled 
pores. This pore area was considered to comprise about 0.2% 
of the capillary wall, and Zweifach (1940) suggested that 
this area was the intercellular cement substance. 
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A gradient of pore sizes in various forms has been 
suggested by a number of investigators. Rous et al. (1930) 
reported an increase of pore dimensions toward the venous 
end of capillaries thus providing an increased permeability 
to colloidal molecules. Zweifach published a confirmation 
of this theory in 1940. Landis (1946) considered that the 
capillary endothelium contained pores of many sizes, a few 
of which were 19 A in radius. In contrast to this view, 
Pappenheimer et al. (1951), working on muscle capillaries, 
arrived at the concept of an isoporous membrane having a 
pore radius around 35-40 A. This would explain why the pas-
sage of large plasma proteins is negligible. In contrast, 
Chinard (1952), using thermodynamic calculations based on 
glomerular fluid formation, questioned the pore theory. He 
claimed that the diffusion coefficient of a given substance 
in the capillary wall would account for its rate of passage. 
He further pointed out that the capillary wall must be a 
gel-like structure. However, his concept of diffusion in 
preference to bulk flow through capillary pores was criti-
cized by Garby (1955). 
A gradient of permeability was demonstrated by Rous 
et al. (1930), Smith and Rous (1931), Rous and Smith (1931), 
McMaster et al. {1932), and Smith and Dick (1932) using dif-
fusible dyes. A highly diffusible dye in the bloodstream 
resulted in immediate staining of the tissue outside the 
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capillaries at the arteriolar and venular ends. Poorly dif-
fusible dyes, however, resulted in a gradient with a low 
concentration outside the arteriolar end but increased color-
ation at the venular end. This permeability concept was 
criticized by Landis (1934, p. 64; 1946) who claimed that an 
inward osmotic movement of water occurs during the outward 
dye diffusion. Danielli and Stock {1943) agree with Landis, 
maintaining that the Starling hypothesis holds. However, 
the gradient of permeability was upheld by Zweifach (1940, 
1949, 1954) and Schmidt (1952) who maintained that even for 
large molecules diffusion plays the main role. The observa-
tion with dyes, they claim, indicates only a structural 
gradient of permeability towards the venous ends. Pappenheimer 
(1953} pointed out the slow diffusion velocity of large col-
loidal molecules passing through the capillaries. Thus ab-
sorption of water at the venular end due to these large re-
tained molecules concentrates considerably the capillary 
filtrate, thereby supporting the Starling hypothesis instead 
of the gradient of pores. 
However, a great deal of evidence supports the pore 
theory. If it is correct, exchange would take place by 
physical means without the energy needed in active transport. 
As Grotte points out (1956) the similarity of capillary fil-
trates to those obtained from inert artificial membranes also 
lends support to the pore theory of capillary exchange. 
Results with dextran (Grotte, 1956) suggest the same 
system of pores and leaks. The increased filtration rate 
indicates that the number or size of the pores is great 
enough to allow almost as high a concentration of large 
molecules in the lymph as in the plasma. 
7 
Feldberg (1956) and Spector (1958) have reviewed sub-
stances which affect capillary permeability showing that 
many new chemicals have been identified in causing abnormal 
permeability. However, no real clue is given to the mechan-
ism of their action. 
Before the turn of the century, Purves (1874) and 
Engelman (1893) applied special staining techniques to the 
capillaries. They suggested a reversible dissociation of 
the junction of the endothelial cells as an explanation of 
increased permeability. 
These then, in general, are the theories of capillary 
permeability. Previous work has also been done on the ac-
tion of specific chemicals which have been used in this 
thesis. A literature survey of snake venom, histamine, 
serotonin, hyaluronidase, dextran, and Imferon now follows 
which includes more specific references to permeability. 
Increases in Vascular 
Permeability and Fragility 
Effect of Snake Venom 
Simon Flexner (1863-1954) and Hedeyo Naguchi (1876-
1928) made systematic studies on the biological actions 
of snake venoms. They studied, in detail, hemolysis and 
other toxic effects on the blood while at the Rockefeller 
Institute in New York. 
Venoms usually consist of several proteins which 
make up about 90% of the dry weight and contain more than 
one toxic principle. The observed effects of the venom 
are due to the combined action of these toxins. Although 
the components of venoms have been shown to have different 
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biological actions, neuro-toxic, hemorrhagic, antihemorragic, 
hemolytic, and proteolytic, separation of the responsible 
components and identification of their chemical structures 
has not been achieved. 
Fulton et al. (1956) using moccasin venom as a test 
for susceptibility to petechial formation in the hamster 
reported the main effect to be on the venules, with the ar-
terioles seldom involved and the capillaries not vulnerable. 
They also pointed out that snake venom is known to injure 
cell membranes. 
9 
E. R. Trethewie (1939) upon reviewing the literature 
on snake venoms decided to check on the hypothesis that the 
haemolytic activity of snake venoms depends upon their con-
taining phosphatidases which attack lecithins. This action 
should cause the formation of lysolecithin by the splitting 
off of a molecule of oleic acid. Species variability of the 
blood could result either in enzyme action on lecithin in 
the protein-lipid membrane of the corpuscle or lysolecithin 
formation from lecithin in the plasma. 
He found evidence for liberation of histamine upon 
cell injury by venoms with lysolecithin as an intermediate 
step. Trethewie reasoned that if lysolecithin is responsi-
ble for the liberation of all of the histamine due to snake 
venom there should be a direct relation between the haemolytic 
action and the injuries to cells caused by different venoms. 
The haemolytic power of venoms varies greatly, for example, 
black snake and death adder provide two venoms, one powerful 
and the other weak. The histamine liberating action of these 
venoms was studied on erythrocytes and showed a parallelism 
between the degree of haemolysis and the amount of histamine 
liberated, as well as the rates at which these changes oc-
curred. Thus, the activity of the venoms in liberating his-
tamine is proportional to the lysolecithin formed and accounts 
for all the histamine set free. 
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E. R. Trethewie did not exclude the possibility that 
some constituent other than phosphatidase might possess a 
parallel activity in liberating histamine. Since the lipids 
of the nervous system are also attacked by these enzymes, 
the neurotoxic action of snake venoms may also relate to 
their phosphatidase content. However, Trethewie's results 
indicate that this is not true, the death adder being 
strongly neurotoxic yet only slightly haemolytic. 
Thus histamine and protein are liberated from tissues 
by snake venom and the formation of a lysolecithin-like sub-
stance is also brought about. The more haemolytic the venom, 
the greater its capacity to liberate histamine and proteins 
during cell injury. 
Essex, in 1932, worked on the physiological action of 
water moccasin venom. He reported that a large drop in blood 
pressure occurred and "that the action is peripheral as shown 
by plethysmographic studies on the spleen, kidney, and hind 
limb of rabbit and dog.'' The volume of erythrocytes in-
creased following in vivo venom injections. Intradermal in-
jection into human skin produced reddening, whealing, and 
an arteriolar flare. Furthermore, intravenous injections 
produced occlusive bronchospasms in guinea pigs. He did 
not find a difference in physiological action between water 
moccasin and rattlesnake venom but hastened to add that their 
composition could still be different. 
The effect of water moccasin venom on the isolated 
frog heart was reported by Robert Brown in 1940 as acting 
directly on the endocardium, myocardium and intrinsic 
ganglia of the isolated frog heart. Failure of the heart 
ventricle usually occurred during complete contraction. 
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The atria were rendered highly permeable allowing rapid 
escape of fluid through the walls and failure occurred in 
extreme dilation. However, the sinus venosus was more re-
fractory being the last to fail. Brown reported that strong 
venom solutions act on the vagus, thereby slowing the heart. 
Snakes cannot chew their food but have solved this 
problem of mixing the products of their salivary glands by 
injection with their fangs. These powerful and concentrated 
enzymes exert a very poisonous effect and start the digest-
ive process. 
Porges (1953) points out that at least two toxic prin-
ciples are present in snake venom and possibly more. These 
are substances of a protein nature, or proteins with enzy-
matic properties, the toxic action being attributable to 
proteolytic enzymes, phosphatidases, and neurotoxins. He 
indicates that the proteolytic enzymes may be responsible· 
for snake venom having a hypotensive action due to damage of 
the vascular endothelium, bringing about escape of blood from 
the vessels and possibly liberation of histamine. 
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Hemolysis caused by venom is accelerated by lecithin, 
because oleic acid splits off leaving lysolecithin which it-
self is actively hemolytic and has an effect on the heart 
similar to that of venom. The reaction is as follows: 
cH cooc-c H 
15 31 
CHOOC-C H 
17 33 
-OH 
CH 00-P~ 
2 "0 
Lecithinase 
(A phosphatidase) 
OH 
OCH -CH -N(CH ) 
2 2 3 3 
Lecithin 
cH ooc-c H 
1 2 15 31 
CHOH C H COOH 
I -OH 17 33 
CH OOP Oleic acid 
2 \0 OH 
OCH CH -k(CH ) 
2 2 3 3 
Lysolecithin 
Lysolecithin is reported (Porges, 1953) to attack the 
capillary endothelium and to cause hemorrhage of the lungs. 
Large doses are required to kill animals because the proteins 
of the blood plasma offer some protection. Platelets and 
leucocytes aggregate and then disintegrate, liberating a 
plasma protease which subsequently releases histamine from 
its protein bound inactive form. Since the phosphatidase-
lecithinase produces lysolecithin and lysolecithin itself 
liberates histamine, the mechanism for the liberation of 
histamine by snake venoms leads to recognition of the role 
of phosphatidases. Lysolecithin formation, then, is an 
intermediate step in the liberation of histamine. 
Agkistrodon piscivorus venom is not primarily neuro-
toxic but it has some neurotoxic activity and this is re-
duced 50% upon dialysis through a cellophane membrane. If 
the dialysate is returned to the venom, the activity is 
regained. 
Porges {1953) now considers the enzymes of venom to 
be the real toxic principles, operating through their own 
activity or through their influence on other reactions. 
In 1936, Duran-Reynals discovered a spreading agent 
in snake venom, which enhances the spreading of dyestuffs 
13 
and infectious agents in the skin of animals. This "spread-
ing factor" was identified with hyaluronidase which is the 
substance that depolymerizes hyaluronic acid. This acid is 
a mucopolysaccharide that binds water in the interstitial 
spaces, holds cells together in a gel, and resists penetration 
by foreign matter. This resistance breaks down under the 
action of hyaluronidase. Rapid diffusion of the venom is 
thus brought about by the action of hyaluronidase which 
breaks down the intercellular gel of the connective tissues. 
Nature has provided a defense against the action of 
hyaluronidase {Hass, 1946), this being the liberation by the 
victim of an antihyaluronidase called anti-invasin I. However, 
the hyaluronidase of Agkistrodon piscivorus is not inacti-
vated by the animal substance. This venom contains a heat-
labile agent, now called proinvasin I (Hass, 1946), which 
inactivates the anti-invasin I. Hence, those venoms which 
contain enough proinvasin I protect their hyaluronidase and 
are thus favored by speedy invasion of their poison. 
The lecithinases attack the lipid layer of the endo-
thelial cell surfaces producing lysolecithins that expand 
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the film, and thus increase fragility and permeability. 
Erythrocytes and serum leak into the tissue due to the ac-
tion of powerful proteases which lead to dissolution of the 
blood vessels. The spreading of venom, Porges goes on to 
explain, is greater than can be accounted for by the action 
of its hyaluronidase, thus pointing to the action of lecithin-
ases and proteases. Thus the mode of action and biochemistry 
of snake venom is obviously very complex and any study of 
its biological action must encompass a number of interplay-
ing factors. 
Effect of Histamine 
The placing of a very small amount of histamine under 
the skin causes the well-known 11 triple response", vasodila-
tion,swelling and heat. Lewis (1927) believed that histamine 
or some substance with similar properties is released upon 
mild trauma to cause this reaction. Histamine is liberated 
from normal tissues by "histamine liberators" such as 
curare, morphine, atropine, and compound 48/80 which thus 
demonstrates the presence of histamine in normal tissue. 
However, it is not known how histamine is bound in the 
cell or how it is released. By differential centrifuga-
tion, Hagen et al. (1959) found the histamine of mouse 
mast cells to be in large cytoplasmic granules along with 
serotonin and heparin. It could be free, loosely bound or 
linked to protein in the granules. In whatever storage 
form it occurs, the histamine seems to be ready for immedi-
ate reactions. Histidine decarboxylase is the enzyme which 
makes histamine and it is thought to be responsible for any 
continued release of histamine or increase in its amount. 
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Perhaps lecithinase is activated on the surface of the 
mast cell which then ruptures the cell membrane. It then 
causes dissolution of the granule membrane by its action 
on the phospholipids. Hill (1957) points out that proteoly-
sis could free the contents of the mast cell granules. 
Glenner and Cohen (1960) discovered a trypsin-like enzyme 
in mast cells and considered that activation of it could, 
in turn, liberate the contents of the mast cells. Allergy 
reactions release histamine and sensitized persons show 
swellings or weals on the skin, while administration of 
antihistamine drugs often reduce such reactions (Florey, 
1962). 
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Cohnheim (1873) first pointed out that acute inflam-
mation involves an increased permeability of the blood 
vessels. When Dale and Laidlaw (1910-1911, 1919) discovered 
histamine and studied its effects on vascular permeability, 
Cohnheim's theory received general acceptance. Rich (1921), 
studying histamine shock and Lewis (1927), observing re-
sponses of human skin blood vessels, concluded that injured 
tissues liberate histamine, or a substance similar to it, 
which increases the permeability of the surrounding blood 
vessels. 
Alksne (1959) demonstrated the passage of colloidal 
particles of HgS across the dermal capillaries of the mouse. 
The electron microscope revealed the passage to take place 
across the "endocytoplasm 11 rather than through intercellu-
lar spaces, and this passage was greatly increased by hista-
mine. The particles were found within vesicles and folds 
of intracytoplasmic membrane structures. These structures 
were then interpreted as manifestations of an active trans-
port process. The basement membrane of the capillary and, 
in some cases, the periendothelial cells as well, formed 
obstructions to the passage of the particles. He did not 
feel that at any one moment all capillaries were equally 
susceptible to histamine stimulation. 
Purves (1874) and Engelmann (1893) suggested a rever-
sible dissociation of the junction of the endothelial cells 
to explain increased permeability. Palade (1960) studied 
the transport of colloidal gold across the blood capillar-
ies. He did not find particles in the intercellular spaces 
of the endothelium and no accumulation against the basement 
membrane. After five minutes the gold was found in the 
basement membrane and pericapillary spaces. Accumulation 
began in ten minutes in the adventitial histiocytes and 
fibrocytes. The particles within the endothelium were re-
stricted to the vesicular phase. Majno and Palade (1961) 
studied the effect of histamine and serotonin on vascular 
permeability. They concluded that the endothelial cells 
become partially disconnected along their intercellular 
junctions, giving rise to endothelial leaks. This evidence 
was supported on the light microscope level using carbon 
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black and silver nitrate as markers. The basement membrane 
remained intact and acted as a primary filter for particles 
being transported through the endothelial cells in the pino-
cytotic vesicles, as well as between the intercellular junc-
tions. The tracer particles being transported were not con-
sidered to have gained free access to the endothelial cytoplasm, 
but to have been contained within small vesicles (600-800 A). 
The histamine and serotonin changes were indistinguishable 
except that the serotonin was ten times more active on a 
mole to mole basis. 
Jennings et al. (1962) confirmed the transport of 
colloidal particles through the endothelium by using the 
perfused rat heart. Thorium dioxide and saccharated iron 
oxide were first contained in vesicles in the cells of the 
endothelium and then appeared in the perivascular spaces. 
Majno, Palade, and Schoefl (1961), upon studying the 
site of action of histamine and serotonin along the vascu-
lar tree, concluded that the primary site of leakage and 
perhaps the only place of leakage was on the venous side 
of the circulation. In fact, they conclude that if better 
identification could be made in the light microscope and 
if more definite terminology existed in respect to the mi-
crocirculation, the venules would indeed by the only site of 
leakage due to the separation of the endothelial cell mem-
brane junctions. They claim that histamine and serotonin 
are the best known chemical mediators of vascular injury 
in acute inflammation. 
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According to Schayer (B.U. lecture, 1963), bound hista-
mine occurs in mast cells and is released in mass. Another 
histamine which he terms induced histamine is formed when 
histidine decarboxylase converts histidine to histamine. His 
experiments indicate that the principal source of induced 
histamine is the endothelial cells. He assigns the role 
of a fundamental blood flow regulator to induced histamine, 
saying that it acts locally to relax the smooth muscles of 
the precapillary sphincters in areas where increased blood 
flow is required. Induced histamine is not affected by 
antihistamine whereas bound histamine is. Thus, if vaso-
constriction is induced by antihistamine, it is really an 
indirect effect via bound histamine. 
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Furthermore, epinephrine and norepinephrine act to 
increase the release of induced histamine by first causing 
vasoconstriction which then brings about the release of in-
duced histamine. In shock, the dilating effect of histamine 
is at first superimposed on the vasoconstrictor effect of 
catechol amines (epinephrine and norepinephrine). This pre-
vents any noticeable effect until there is a loss of response 
to epinephrine. 
The permeability of the microcirculation following a 
mild stimulus increases very rapidly for about 10 minutes, 
falls off for a time and then slowly increases for about 
four hours. Schayer claims the first phase is brought about 
by the release of histamine from mast cells, while the second 
phase of increased permeability is mediated by induced hista-
mine. The first phase can be stopped by antihistamine, while 
the second phase can not. 
Schayer suggests a "unified theory 11 to explain the 
mechanism of glucocorticoid action. He claims that the 
blood supply to the cells is controlled by an interplay of 
a dilator component and a constrictor component of circu-
latory smooth muscle. The dilator component is locally 
formed histamine and the constrictor component consists of 
catechol amines and glucocorticoids (these oppose the in-
duced histamine). The glucocorticoids do not have a direct 
effect and their increased output during stress is not ex-
cessive, but does balance the histamine output. 
20 
Schayer (1962) claims that induced histamine is an 
intrinsic regulator of the microcirculatory system. He 
presents evidence for the presence of histidine decarboxyl-
ase in the endothelial cells of the blood vessels. His 
evidence indicates that histamine is synthesized at a rate 
determined by the needs of the tissues for blood under vari-
ous environmental conditions. Thus histamine would be the 
primary regulator of blood flow to the tissues, and Schayer 
points out that no other chemical can be implicated for this 
purpose. 
Effect of Serotonin 
Serotonin is a pharmacologically active amine. It 
occurs in blood platelets and in the argentaffin cells of 
the gut as well as in the brain, and is a component of the 
stings of many animals and plants. It has been identified 
in granules in the mast cells of the rat and mouse. The 
present evidence, according to Florey (1962), is that sero-
tonin (5-HT) is stored in specific granules in the cell 
cytoplasm, for example, in platelets, mast cells, and ar-
gentaffin cells. The serotonin in these cells is readily 
liberated. 
Serotonin causes pain and is usually a powerful vaso-
dilator which produces a flare upon intradermal injection. 
Its action varies, producing increased capillary permeabil-
ity in the rat skin but not in man. 
Serotonin has been shown to have an effect on the 
pulmonary circulation, which is usually unresponsive to 
most substances affecting systemic vasculature; serotonin 
represents an important exception. It seems to have a di-
rect vasoconstrictor action on the pulmonary vessels pro-
ducing a sharp increase in the arterial pressure. According 
to Page (1958), the intravenous administration of serotonin 
into human beings produces an increase in venous, right 
atrial and pulmonary arterial pressure. Vasoconstriction 
was also shown to occur in the cat and dog lungs after the 
introduction of serotonin. 
Rapport et al. (1948), report that an extract of lung 
has a powerful destructive action on serotonin. However, 
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they conclude that any unique ability of the lung tissue 
to destroy serotonin still remains to be proven even 
though physiologists have circulated their perfusion fluid 
through lungs to prevent vasoconstriction in perfused or-
gans. 
Smith and Smith (1955) suggest that serotonin is 
responsible for the vascular changes in pulmonary embolism. 
Intravenous injection of preformed clots produced circula-
tory effects which were diminished by the use of serotonin 
antagonists. 
Rowley and Benditt (1956) injected serotonin beneath 
the skin of rat's paws producing vascular permeability 
changes evidenced by protein-rich edema fluid and damage 
to mast cells. On a weight basis, serotonin was shown to be 
a much more potent edema producing agent {up to 200 times) 
than histamine. They were also able to show that agents 
which damage mast cells apparently release both serotonin 
and histamine. They also claim that serotonin is the first 
mediator of edema in the rat when the edema is associated 
with mast cell damage. They suggest that serotonin in-
creases permeability, at least in part, by liberation of 
histamine. 
The passage of water through the skin of Rana ~­
lenta, as measured by changes in body weight, was not 
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affected by even large doses of serotonin and it did not 
have an effect on the net water flux (Erspamer~ 1954). 
Spector and Willoughby (1957)~ suggest that serotonin 
--. 
may be important in mediation of vascular changes in the 
earliest phases of inflammation. It may even be partly re-
sponsible for pain~ since pleural abscess exudate produced 
by turpentine contains serotonin~ which causes marked in-
crease in capillary permeability in concentrations of 
1-10 mg/ml.~ thus making it 100 times more potent than 
histamine. 
Pickles and Sutcliff (1955) obtained evidence on 
permeability from other than animal tissues. They showed 
an increase in permeability of beet-root cell membranes to 
the water-soluble pigment in the vacuoles upon application 
of serotonin. Indole-3-acetic acid is known to cause this 
same effect. 
Humphrey and Jacques' (1955) observation that antigen-
~ 
antibody reaction to rabbit platelets caused release of ser-
otonin from platelets~ and Herxheimer 1 s (1953) demonstration 
of its powerful broncho-constrictor action on guinea pigs 
can be considered to have largely stimulated interest in 
the occurrence of serotonin in the lung. 
Clearly~ serotonin is very widespread in the body~ 
(Garven~ 1956). Large amounts have been found in the brain~ 
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platelets, spleen, gastrointestinal tract, small amounts 
in liver and bone marrow, even less in lung, thyroid, pan-
creas and diaphragm; however, it has not been detected in 
skeletal muscle, peripheral nerve and adrenal glands. 
Since the action of serotonin generally parallels 
that of histamine, reference has been made to serotonin 
under the heading histamine and the reader is referred to 
this section. 
Effect of Hyaluronidase 
The influence of hyaluronidase on permeability has 
been studied by a number of workers. Duran-Reynals (1942) 
states that intravenous injection of hyaluronidase into 
rats increases capillary permeability. He also points out 
the importance of connective tissue by indicating that 
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most substances reaching cells must pass through this ground 
substance. Infectious agents and their secretions must also 
traverse this barrier. The phenomena of inflammation occur 
in this ground substance and therefore he considers analysis 
of its nature as important. Of the factors increasing the 
permeability of connective tissue undoubtedly the most im-
portant are the spreading factors, among which is hyaluron-
idase. 
Chambers and Zweifach (1947) applied hyaluronidase 
topically to the frog mesentery inducing petechial hemor-
rhages. They postulated injury to the perivascular sheath 
as the cause of the hemorrhaging. Fulton et al. (1956), 
using moccasin snake venom on the hamster cheek pouch, 
found petechial formation at the venules. Since the 
hyaluronidase content of the venom could be an important 
factor, they applied this chemical to both the cheek pouch 
and the mesentery, but without responses. 
Elster et al. (1949) studied the effect of hyaluron-
idase on the passage of fluid and a dye. The presence of 
edema, the diffusion of the dye, and a decreased plasma 
concentration of the dye were evidences of increased per-
meability of the capillary tree. They suggest that the 
mechanism of hyaluronidase action may be alteration or dis-
solution of the ground substance of the capillary wall. 
Since the increased permeability is reversible, they con-
sider regeneration to occur rapidly. They combined 2500 
units of hyaluronidase with the dye T-1824 for injection 
into the rats, getting contraction of the blood vessels 
in five minutes with a maximum effect in 30-45 minutes, 
followed by a return to normal in 24 hours. Inactivation 
of hyaluronidase was also demonstrated by holding it at 
70° C. for 30 minutes. 
Benditt et al. (1950) increased the permeability of 
connective tissues and membranes to dyes, particulates, 
and fluids by local application of hyaluronidase prepara-
tions. They report that intravenous administration of the 
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enzyme produces increased capillary permeability, but 
that this is inhibited by ACTH and cortisone acetate. 
Intravenous administration of hyaluronidase increases 
the rate of disappearance of 1% Evans blue, decreases 
the concentration of serum protein, and increases the 
hematocrit. They were not able to show rupture of the 
capillary wall even in the grossly edematous areas. Thus 
they assume that the hyaluronidase acts upon the polysac-
charides such as hyaluronic acid and chondroitin sulfate. 
They point out that if these are the intercellular sub-
stances of the capillary t~the leakage should occur at 
cellular junctions. 
Beck and Ralli (1953) studied the effect of the 
adrenal on hyaluronidase spreading reaction in the rat. 
They mixed 15 mg/ml of hyaluronidase with India ink in 
saline and injected 0.08 ml of this solution intradermally 
into the left flank of rats. The rats were skinned and 
the spreading observed by checking for the India ink. This 
spreading was shown to be inhibited by cortisone and adren-
alectomy. 
Hyaluronidase, according to Florey (1962), is impli-
cated in a gel to sol change in the amorphous matrix of 
the connective tissue. This transformation can be observed 
in an injured area away from blood vessels. Florey points 
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out that this change could be due to the action of physi-
cal forces, or to the action of the enzyme hyaluronidase, 
which is known to depolymerize the mucopolysaccharides of 
connective tissue. He points out also that proteolytic 
enzymes could be responsible for this gel to fluid change. 
Hyaluronidase, according to Florey, is said to ac-
cumulate in inflammed tissues and it has been implicated 
both as increasing capillary permeability and as having 
no effect on it. Florey concludes that "probably it need 
not be seriously considered as a mediator of increased 
capillary permeability in inflammation." 
Movement Through Vascular Wall 
Dextran 
A study by Gunnar Grotte (1956) on steady state 
concentration ratios for molecular weights of dextran 
from 10,000 to 50,000 revealed a marked difference between 
30,000 and 40,000. The lymph flow in the three dogs used 
for low molecular weight studies was 0.8 ml/10 minutes. 
His results for high molecular weights of dextran from 
60,000 to 300,000 showed little difference in molecular 
weight distributions in the lymph and plasma. The C /C 
L p 
(concentration in lymph/concentration in plasma) ratio 
being 0.89. However, his data did reveal a slight decrease 
above a molecular weight of 200,000. 
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The liver vessels have been shown to have a high 
degree of permeability to dextran, with a significant 
decrease between a molecular weight of 30,000 and 40,000 
and a further slight decrease above 200,000. And, fur-
thermore, since the total concentration of protein in the 
liver lymph does not reach that of the plasma, some sort 
of a mechanism must be acting as a barrier. It is not 
known where the lymphatics originate in the liver. 
MacGillvary (1864) and Diase (1890} postulated interlobular 
lymph ducts occur as perisinusoidal space. Ballman (1950) 
doubts if these spaces exist and believes that even if they 
do, there is no direct connection with the interlobular 
lymph ducts. Ballman has followed the lymphatics of the 
liver to the interlobular spaces where they richly anasto-
mose around the blood vessels and bile ducts. Hence, a 
clear-cut explanation of dextran passage does not exist. 
Since osmotic effects across leaky vessels such as these 
experiments indicate can be considered negligible, the as-
sumption of leaks and pores offers the best explanation 
at present. Gunnar Grotte, working on this assumption, 
and using the following formula 
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where: 
nl • number of leaks 
n2 = number of pores 
r2 = radius of the pores 
rl = leak radius 
obtained a ratio of leaks to pores of 1:340. The values 
for this formula were obtained from the dextran experiments. 
A capillary pore radius of 35 A was chosen because this 
size will more or less completely restrict albumen (36 A) 
and a molecular weight fraction of dextran of 22,000 (35 A). 
The larger leak radius of 250 A allows passage of large 
molecules such as globulins and dextran of a molecular 
weight 200,000 (116 A). In view of the fact that no molec-
ular sieving (selective restriction) occurs for these "leaks", 
their diameter must be considerably larger than the molecules. 
However, experiments with methyl methacrylate, in the form 
of inert plastic balls, with a radius between 350 and 450 A 
failed to reveal any passage from the blood (Juhlin, to be 
published) to the lymph. He rules out plastic ball accum-
ulation in the tissues, hence, allowing at least an esti-
mate on the upper size of capillary leaks to be placed in 
a range of 116 to 350 A. 
According to the Starling hypothesis for ultrafil-
tration through blood capillary walls, it is assumed that 
the capillaries act as semi-permeable membranes restrict-
ing the flow of plasma proteins. Drinker et al. (1933, 
1941) demonstrated the large protein content of lymph 
from various regions of experimental animals, pointing 
out that globulins and fibrinogen of molecular weight 
340,000 as well as albumin {molecular weight 69,000) find 
their way across the capillary walls. Cohn (1945) claimed 
that all plasma proteins had a similar diameter and only 
differed as to length. Landis (1946) then offered this 
as an explanation for permeability to a wide range of mo-
lecular weights and concluded that the capillary wall must 
be a meshwork of many sized pores, at least a few of which 
would have to be in excess of 19 A. In 1951, Pappenheimer 
et al. accounted for the rate of passage of lipid insolu-
ble molecules, using a relatively isoporous membrane con-
taining cylindrical pores of radius 30 to 45 A with a 
frequency .of 1 - 2 x 109/cm2 . However, Edsall, in 1953, 
found that protein molecules in solution differ widely 
in equatorial diameter and may even be spherical. 
An added complication to the study of various molec-
ular weight fractions of dextran is the non-homogeneity of 
the fractions. A small molecular weight fraction in each 
experiment would account for some of the permeability. An-
other consideration which was used by Grotte {1956) to 
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explain the low Cu/Cp lymph to plasma ratio of high 
molecular weight dextran molecules (60,000 to 300,000) 
was the simultaneous passage of water through pores un-
penetrable by the dextran. In this manner he explained 
the passage of high molecular weight dextran to the lymph 
by a bulk flow mechanism, but with a resulting low CLfCp 
ratio due to the simultaneous passage of water. 
The concept of the differential in capillary permea-
bility to proteins of the plasma still exists. However, 
the concentration might be explained by the per cent of 
experimental error. Measurements by Perlman et al. (1943), 
Cope et al. (1948), Wunderly and Wuhmann (1953), and 
Borgstrom and Lawrell (1953) have shown nearly identical 
ratios. 
A further explanation of varying colloidal protein 
concentrations may reside in the change in filtration rate 
with increasing rate of flow. Hence, a variation of molec-
ular sieving with filtration rate probably is not the only 
explanation, but one that must be taken into consideration 
since flow in capillaries not only varies, but also can 
reverse in direction (Fulton, 1962). Pappenheimer et al. 
(1951, 1953) observed a decrease in the sieving coeffic-
ient (concentration of dextran in the lymph/concentration 
of dextran in the plasma) as the rate of flow rose from 
31 
zero, the CL/Cp ratio decreasing more rapidly for larger 
molecules as the flow increased. Grotte (1956), using 
various molecular weight fractions of dextran, demon-
strated a sieving effect that was more pronounced for 
the larger molecules supporting the concept of restricted 
diffusion in capillary exchange. He also pointed out that 
dimensions of the molecules and pores must nearly agree if 
sieving experiments are to be meaningful, and since this 
ratio cannot be demonstrated for the large dextran mole-
cules {300,000), these capillary leaks must be considerably 
larger. In the large molecule weight ranges, an increase 
in molecular weight does not alter the effective diffusion 
radiusj therefore, Grotte points out that measuring capil-
lary leaks using capillary pressure would have little sig-
nificance. 
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Thus studies with different molecular weight fractions 
of dextran have revealed several new facts. For example, 
the passage through blood vessels is markedly decreased 
above molecular weights of 40,000 and further slight de-
crease occurs above 200,000. Transport, in these experi-
ments, is best explained on the basis of a system of leaks 
and pores. In view of the reported increment in bleeding 
time in dogs rendered hypervolemic with dextran, increased 
transport is also indicated. 
Imferon 
Imferon is an iron dextran compound, sold by Lake-
side Laboratories, Milwaukee, Wisconsin. The iron added 
to the dextran is used intramuscularly for alleviation of 
anemia in cases where oral administration of iron is not 
sufficient. Recently, Imferon has been implicated as a 
carcinogen, and for this reason its sale has become re-
stricted. In a recent article by Goldberg (1960), the 
possibility of cancer from Imferon injections was reviewed. 
He concluded that there seems to be a risk, but not a 
proven one, in man. Imferon causes cancer in rats and 
mice when given in high dosages. However, in much lower 
amounts, still exceeding 50 times the clinical dose, the 
published figures on carcinogenesis compare with those 
for repeated subcutaneous injections of such substances 
as glucose, fructose, orachis oil and other "innocuous 11 
materials. Goldberg concludes that the cancer could be 
due to massive injections causing local trauma, combined 
with oversaturation of the organism with iron. Therefore, 
although we can not be overcautious about human life, the 
use of Imferon may still be warranted. 
Dextran is a widely used blood substitute and as 
such, its fate in the body is of great interest. Since 
Imferon is dextran with iron added, its fate in the body 
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should follow that of dextran although the iron might 
alter its distribution. Furthermore, the opportunities 
presented by dextran, with a label which can be visual-
ized in the light microscope and seen in the electron 
microscope, are exciting to contemplate. 
During the course of this investigation a report 
appeared by Chapman et al. (1961). They injected 0.3 
to 0.5 ml of iron dextran into the synovial cavity of the 
knee joint of adult rabbits. An inflammatory reaction 
resulted with polymorph infiltration and the vascular re-
sponse of edema. They reported inclusions in cytoplasmic 
vacuoles at two to six hours after injection, and presumed 
the material to be iron. 
Jasmin et al. (1961) used Imferon to demonstrate 
edematous tissue in the rat paw. They cut eight micron 
sections and visualized the iron in the light microscope 
by means of the Prussian blue reaction. 
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EXPERIMENTAL METHODS AND TECHNIQUES 
Tissue Selected: Frog Lung 
The lung is the tissue chosen for this investigation 
because of the vast capillary network that it contains, 
thus enhancing the opportunity for successful electron 
microscopy. The network is necessary to bring about the 
gaseous exchange of oxygen and carbon dioxide between the 
alveolar air and blood in the pulmonary system. The lungs 
act as a filtering system for foreign particles {i.e.,types 
of emboli) and as a reservoir of variable volume for the 
blood. In contrast, the systemic system has a greater and 
more variable amount of blood. The pulmonary circuit of-
fers a low resistance to blood flow and supplies mainly 
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one type of tissue, i.e., the alveolar. The lungs form a 
distensible vascular network and, as pointed out by Sjostrand 
(1953), may contain 300 ml. of extra blood. They may also 
help regulate changing (transient) differences in right 
and left ventricle output (Rushmer, 1961), for example, at 
the onset of violent exercise. Thus, the pulmonary circu-
lation is an easily distensible system of low resistance 
and low pressure. Furthermore, as pointed out by Rapaport 
and Severinghaus (Blood vessels and Lymphatics, 1962) the 
normal capillary pressure cannot exceed the colloidal osmotic 
pressure of the blood plasma if the pulmonary air passages 
are to remain dry. 
The frogs were either pithed or anesthetized with 
MS 222. Since the end results were identical with both 
methods, most of the frogs were pithed because this was 
a faster procedure. The ventral side over the lung was 
then opened and the chemical topically applied to one lung. 
By holding up the lungs from time to time, with a 100 watt 
bulb behind them, a reddish coloration in the treated lung, 
but not in the control, indicated an end point for treat-
ment. The success with this method for snake venom led 
to its use for histamine, serotonin, and hyaluronidase. 
The lungs of the frog provide an excellent tissue 
for analysis of chemical effects on the ultrastructure 
of its microcirculation because they do not collapse when 
the body is cut open. This is due to the fact that the 
glottis, under ordinary circumstances, remains closed. 
Furthermore, they may be readily inflated through the glot-
tis and are, in fact, capable of a great deal of distension. 
The lungs contain many capillaries, thus simplifying 
the problem of location in the electron microscope and 
providing sufficient numbers for observation of chemical 
changes. The basic structure of the frog capillary, al-
veolar air space, lung epithelium, basement membrane, and 
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capillary endothelium resembles that of the human. Thus, 
in the frog we have a tissue which is easy to manipulate, 
similar in ultrastructure to human lung, and readily 
adaptable to electron microscope techniques. 
Figure A 
During the act of breathing, the external nares 
open allowing the buccal cavity to fill. After the nares 
close, the floor of the mouth is elevated, forcing air 
through the glottis into the lungs. Opening of the glot-
tis allows air to escape from the lungs. 
Glottis 
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Location of 
Capillaries 
Overall View of the Lungs 
Figure B 
Arteries 
Veins 
Schematic Section 
Through One of the Lungs 
Chemical Substances Chosen for Permeability Effects 
The chemical substances, cottonmouth moccasin snake 
venom, histamine, serotonin (5-HT), hyaluronidase, dextran, 
and Imferon were chosen because of the effects they pro-
duce on transvascular exchange in the microcirculation. 
Snake venom has long been known to be either a haemolytic 
agent, a neurotoxic agent, or a combination of both. Moc-
casin snake venom is of the haemolytic type and it was 
desirable to learn its effect on the capillary walls. Hist-
amine and serotonin are both produced by cells in the body, 
especially under stress, acting as vasodilators or vaso-
constrictors and influencing the permeability of the mi-
crocirculation. Hyaluronidase is a naturally occurring 
enzyme known to act upon mucopolysaccharides, which are 
thought to be contained in the cement substance between 
cells and in the basement membrane. Dextran is used as 
a blood substitute; therefore, its effect on the micro-
circulation is of great interest. Imferon is an iron-
dextran complex used in iron deficiency anemia but impli-
cated for its carcinogenic activity. 
Snake Venom 
The snake venom used was obtained from the Ross Allen 
Reptile Institute, Silver Springs, Florida. Cottonmouth 
water moccasin (Agkistrodon piscivorus) venom contains 
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hyaluronidase, phospholipase A, L-amino acid oxidase 
and phosphatases, but according to Hadidian (1956) none 
of these occur in exceptionally high quantities and it 
is devoid of cholinesterase activity. 
The venom was obtained in one gram amounts and 
mixed in the desired percentages with amphibian Ringer 
just before use. Various concentrations were tried and 
those most successful were 0.02% and 0.2% applied topi-
cally for periods up to 20 minutes. Five ml were used 
to bathe the lung surface, being added in a dropwise 
continuous fashion. 
Histamine 
Histamine diphosphate was used, obtained from 
Abbott Laboratories, North Chicago, Illinois. It was 
prepared in a 1:1000 and 1:10,000 strength Ringer solu-
tion just prior to use. The formula for histamine is: 
Serotonin 
H, H 
N-C,. / 
H-C II ~ N-C-CH -CH -NH 2 2 2 
The serotonin was obtained from Nutritional Bio-
chemicals Corporation, Cleveland, Ohio. This chemical, 
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creatinine sulfate, was dissolved in Ringer solution at 
a concentration of 1:10,000 and 1:100,000 because of its 
higher reactivity as compared to histamine. As before, 
the solutions were mixed just prior to use. The formula 
for serotonin is: 
Hyaluronidase 
H-C-C-OH 
h ~ 
H-C G-H 
\ I 
c~c 
I 
H-N 
\ 
C=C-CH -CH -NH 
I 2 2 2 H 
The hyaluronidase was obtained from Nutritional 
Biochemicals Corporation, Cleveland, Ohio. The concen-
trations used were: 0.001 gm/cc, 0.01 gm/cc, and 
0.05 gm/cc; the latter two produced a change in the lung 
tissue during periods of 15 to 30 minutes. 
Substances Used to Study Transvascular Movement 
Dextran 
Dextran is made up of long chains of glucose units, 
linked together by 1:6, 1:4 and 1:3 glucosidic linkages, 
most of which are of the alpha 1:6 type, thus imparting 
dextrorotation. It is synthesized by various species of 
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cocci in the genus Leuconostoc. Various strains produce 
dextran ,with different degrees of branching. The high 
molecular weight which may reach several million, is 
usually broken down by acid hydrolysis to the desired 
molecular weights. Dextran of molecular weight 80,000 
was used, but it must be emphasized that a low molecu-
lar weight "tail, 11 that is, a small per cent of low 
molecular weight dextran, accompanies each size distri-
bution range sold. 
The dextran is administered by making up a six per 
cent solution in Ringer solution and injecting it into 
the ventricle, after taking out an equivalent amount of 
blood. With the small frogs, Rana pipiens, one-fourth cc 
worked very well, while with the larger bull frogs, Rana 
catesbiana, amounts from one-half to one cc were withdrawn 
and replaced by dextran, but the amount was soon standard-
ized at one-half cc. 
Imferon 
Imferon is a trade name for an iron-dextran complex 
containing the equivalent of 50 mg of elemental iron in 
each cc. The solution contains 0.9% sodium chloride, which 
is isotonic for mammalian tissues. It requires dilution 
41 
to 0.7% before use in the frog. This preparation is difficult 
to obtain because it has been implicated as being car-
cinogenic and the specific use for it must be indicated 
before purchase. 
The method of staining Imferon for light microscopy 
utilizes the Prussian blue reaction to visualize the iron 
attached to the dextran. However, a mixture of Imferon 
and potassium ferrocyanide will not yield the blue color 
unless the Imferon is first oxidized to free the iron. 
Since the tissue to be examined is already embedded in 
Araldite-502 and the plastic is not removed, liberation 
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of the iron will not cause it to migrate into other areas. 
Oxidation with three per cent hydrogen peroxide at room 
temperature for several weeks successfully liberated the 
iron from the dextran in one micron thick sections of frog 
lung. Treatment with two per cent potassium ferrocyanide 
for 45 minutes resulted in a light blue color due to the 
iron in the dextran. 
The Imferon has a molecular weight of 10,000 to 
20,000 and contains 50 mg of ferric hydroxide per ml. It 
is made up in 0.9 per cent sodium chloride with 0.5 per 
cent phenol for a preservative. In order to use commer-
cial Imferon in the frog, the osmolarity is reduced by 
lowering the salt concentration to 0.7 per cent. Several 
methods of introducing Imferon into the blood stream of 
the frog were tried but only one proved simple and re-
liable. Blood was withdrawn in volumes up to 1.0 cc 
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from the ventricle of the frog. Imferon was now injected 
into the ventricle to replace the withdrawn blood. The 
frog has only one ventricle and therefore pumps part of 
the injected Imferon directly to the lungs. Within 
three minutes a brown color appears in the blood vessels 
of the skin showing good distribution. Periods up to 
three hours were chosen to observe the effect of Imferon 
on the capillaries of the frog lung. 
The unlabelled dextran used had an average molecular 
weight of 80,000 and was made up in Ringer solution, then 
injected at a concentration of six per cent. Periods up 
to three hours were again chosen for samples of the frog 
lung. 
Sectioning for Light Microscopy 
A technique was developed for methylene blue stain-
ing of specimens embedded for electron microscopy to permit 
previewing with the light microscope, because tissue which 
has been fixed and embedded for electron microscopy has 
very poor contrast when it is cut for and viewed by the 
light microscope. The benefit of seeing these sections 
in the light microscope is the great saving in time which 
results from visual identification of the desired areas 
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preliminary to examination of the tissue in the electron 
microscope. Hence a rapid method of staining plastic em-
bedded material for the light microscope is most desirable. 
Sections should be cut at a thickness of one to 
three microns and the compression of cutting relieved 
by chloroform (Peachy, 1958) vapors. Transfer of these 
sections from the water filled boat on the knife to a 
glass slide is easily accomplished. Use a glass rod, 
flamed to have a tiny glass bead on the submersible end 
and dip this under the sections. Lift gently, and the 
sections will drape themselves over the glass bead. Now 
position this bead in the center of a drop of 10 per cent 
acetone freshly placed on a glass slide. Rotate the glass 
bead about 90° and at the same time move the rod sideways, 
out of the drop opposite to its direction of rotation. 
This rolls the sections off the bead leaving them on the 
glass slide. 
Attachment of the sections to the glass slide can 
be achieved by using albumin-coated slides. Less, but 
usually sufficient, attachment results if the slide is 
heated by passing it through a Bunsen burner flame be-
fore all of the 10 per cent acetone on the slide has 
evaporated. The plastic sections now tend to stick to the 
glass if gentle washing is carried out. I prefer the sec-
ond method since it heats the sections for the next step 
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and saves the trouble of albumin coating. Next place 
two drops of one per cent methylene blue made up in dis-
tilled water over the sections. Add one drop of concen-
trated Alconox and, if the slide is not warm, heat it by 
passing 12 times through a low burner flame. staining is 
very rapid, being completed by the time the slide is re-
moved from the flame. The excess stain is gently washed 
off and the slide dried. 
Permanent mounting is important to prevent reduction 
of the methylene blue color, and mounting under a cover 
slip improves the optical sharpness of the sections. Bal-
sam is not satisfactory for color preservation and dries 
slowly. The most satisfactory media is Klenk's fast-setting 
Epoxy glue. The color remains after the glue sets and, 
furthermore, the glue starts to set in 20 seconds. Mix 
the glue on the slide by using one drop of epoxy and one-
half drop of accelerator and then stir for 20 seconds. 
Carefully place a cover slip over the glue and slide the 
cover slip over the sections. Be extremely careful not 
to have any excess glue exposed or immediate use of the 
slide will be hazardous for light microscope objectives 
placed near it. As soon as the cover slip is in place 
and the slide is clean, it can be viewed under oil immersion 
without fear that the oil will move the cover slip. 
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Less than five minutes should elapse from the cut-
ting to the viewing. These sections often appear sharper 
than conventional ones due to their thickness being less 
than those for conventional light microscopy. Location 
of destred material is now rapid and the sections suitable 
for light microscopy appear to be permanent. 
Fixation and Sectioning 
for Electron Microscopy 
The tissue was fixed in cold (40 C) buffered osmic 
acid {Millonig, 1962), dehydrated in acetone and embedded 
in Araldite-502 (Luft, 1961). A microtome designed by the 
author (Philpott, 1954) was used for most of the section-
ing. Occasinally two commercial microtomes, a Leitz and 
a Porter-Blum were also used. These microtomes can pro-
duce sections as thin as 200 A. Since the sections exhibit 
different colors at different thicknesses, the most accu-
rate control is color. Hence sections were routinely cut 
for a gold color, yielding sections about 900 to 1500 A 
(Peachy, 1958) in thickness. Silver sections in the 600 
to 900 A range were also used, but these thinner sections 
required more support, gave less contrast, and were there-
fore not as useful. The sections, usually five to 10 in 
a ribbon, are picked up on a one-eighth inch diameter 
copper grid. By using slotted grids with openings of 50 
by 300 microns, the gold sections become self-supporting 
and films of collodion, formvar, or carbon, necessary 
for additional support, can be dispensed with. This 
improves the contrast and simplifies the mounting pro-
cedure. To further improve contrast, the sections are 
routinely stained in one per cent alcoholic PTA. This 
procedure also facilitates focusing on the fluorescent 
screen in the electron microscope. 
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Electron micrographs were taken on Eastman Kodak 
lantern slide contrast plates and developed in Dektol 
D-72 developer. Development was by inspection in order 
to control the variable exposures encountered in electron 
microscopy. 
Electron Microscope Laboratory 
Along with the conception of this research project, 
a complete and functioning electron microscope laboratory 
was envisioned. The results in this thesis testify to the 
culmination of this idea. 
The choice of equipment was dictated by the desire 
to have a dependable and highly efficient electron micro-
scope laboratory. The two electron microscopes chosen 
were a Siemens Elmiskop 1, and an RCA EMU IIB. The Siemens 
instrument provides a microscope with all of the recent 
electronic advances and with the variability and adapta-
bility desired. For example, there are four choices of 
accelerating potential, 40 KV, 60 KV, 80 KV, and 100 KV. 
Four projector pole pieces can be interchanged during 
operation to give a range of magnification from 210 X 
to 160,000 X without troublesome image distortion in 
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any part of this range. All of the high voltage com-
ponents have been removed and placed in a separate cabinet 
in order to isolate troublesome electrical fields origi-
nating from these components, assuring lens stability 
which is further enhanced by water cooling the lenses, 
thus obtaining constant lens temperature regardless of 
operating conditions. Photographically, the Siemens can 
be loaded to take 36 exposures on 35 mm film and 12 expos-
ures on six and one-half by nine em plates without breaking 
the vacuum. In addition, an airlock allows the removal of 
any number of exposed plates during operation and, indeed, 
with the beam still turned on. Operationally, the rapid 
insertion and removal of three condenser and three objective 
apertures allows a range of contrast control and selection 
of clean apertures. A wide range of safety interlocks close 
the vacuum valves and turn off the high voltage under a 
variety of incorrect operating circumstances. 
The RCA EMU IIB was purchased as an item of used 
equipment. It was, however, the one operated and maintained 
by the former head of the RCA electron microscope service 
department. Furthermore, RCA lowered their price by 
$1,000 in order that we might purchase it. This micro-
scope is a proven workhorse, simple to operate, and 
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capable of 30 A resolution in routine use under proper 
operating conditions. With special techniques, higher 
resolution is possible. Hence, the RCA provides an ex-
cellent training microscope, yet one capable of very 
productive research. Photographically, it takes five 
pictures on a two by ten inch plate, and while there are 
some disadvantages to this system, it can be very efficient 
with a little practice. Service contracts were provided 
for both microscopes in order to keep them in peak oper-
ating efficiency. 
The two commercial microtomes represent different 
approaches for achieving section thickness down to 100 A. 
The Leitz Ultramicrotome, designed by Fernandez-Moran, is 
a thermal advance type requiring some experience on the 
part of the operator in order to correlate section thick-
ness with section color, thus maintaining control over 
section thickness. It is extremely stable and produces 
silver sections free of chatter when glass knives are used. 
The other instrument, a Huxley ultramicrotome, advances 
the specimen mechanically, thus making it easier for be-
ginners to adjust it for cutting. The speed at which the 
specimen is moved past the knife is controlled by an oil 
dash pot. As the specimen rod drops, due to gravity, a 
piston in the oil retards the rate of specimen fall in 
proportion to the viscosity of the oil. A bypass orifice 
in the piston is easily adjusted, thereby allowing a wide 
variety of speeds with a single type of oil. 
With practice, either microtome will cut thin sec-
tions. The Huxley has simplicity and ease of operation, 
while the Leitz will cut harder material. 
The shadow-caster obtained is one designed by Ken 
Page of RCA and is not yet generally available to the 
public. Its design results in shorter pump-down times and 
a higher ultimate vacuum. Furthermore, the design and rate 
of pumping are so matched that the high vacuum maintains it-
self even under a variety of degassing situations. The two 
carbon rods are held together by gravity, thus doing away 
with the need for a spring which often loses its tensile 
strength from the high temperature necessary for carbon 
evaporation. 
Placement of the electronic components was important 
if their simultaneous operation was not to interfere with 
one another. Reference to the drawing of the laboratory 
layout will show the high voltage cabinet a distance of 
12 feet from the Siemens electron microscope. The cabinet 
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develops 10 milligauss at a distance of 10 feet and this 
will limit the resolution to 10 A. The added distance 
assures the ultimate resolution possible with this instru-
ment because it will no longer be affected by electrical 
disturbances. It was not possible to place the RCA as 
far from the Siemens cabinet, but it is a lower resolving 
instrument and a cinder block wall between the two adds 
additional shielding. Tests after the installation was 
made have shown that the resolution of the RCA has not 
been affected in the least by this arrangement. 
A 10 by 12 inch Kodak safelight was hung from the 
ceiling directly over the operator's position in front 
of each electron microscope. The filters used were tested 
to be sure they would not fog the film during the exposure 
times used for electron micrographs. This arrangement al-
lows for dark adaptation of the operator and yet provides 
enough light to check operation whenever necessary. The 
provision for a weak light during operation reduces eye 
fatigue due to constant readaptation and improves the vis-
ual control of exposure so necessary in electron microscopy. 
The printing of electron micrographs should be done 
with quality equipment if the high resolution in the nega-
tive is to be maintained. For this purpose, a clear con-
denser enlarger such as the Omega B-6 is an excellent choice. 
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Furthermore, correct exposure for printing is vital, and 
both time and money can be saved for the experienced dark-
room operator as well as for those learning, if the light 
coming through the negative can be electronically controlled. 
This objective was achieved with a Kodak Densichron. Not 
only does this instrument read the time for the exposure, 
but also the need for, and amount of dodging necessary, is 
revealed. Since the choice of the rest of the darkroom 
equipment is not as critical, personal preference was used 
as a guide. 
Many interplaying factors exist to dictate the nec-
essary conditions for an electron microscope laboratory. 
The kind of work to be done, available funds, type of 
people doing the work, and other factors enter in, and in 
each case the end result is generally a compromise with 
existing factors. It is nice to realize that this labora~ 
tory achieves the end result set forth at the beginning of 
its inception. 
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RESULTS 
Normal Fine Structure of Lung vasculature 
Alveoli 
The air blood barrier of the frog lung is composed 
of three main layers, the lung epithelium, the basement 
membrane, and the capillary endothelium. The gaseous ex-
change which takes place in the lungs occurs through these 
three layers. The nuclei of the epithelium and the endo-
thelium are efficiently placed to one side of the alveolus 
thus preserving the frontal area with the thinnest layers 
to facilitate the gaseous exchange. 
Alveolar Capillaries 
The alveolar capillaries consist of thin flattened 
sheets of individual endothelial cells, curved into a 
tubular pattern, thus forming a lumen going through the 
center. These cells contain nuclei with a nucleolus, a 
centriole (seldom seen), a small Golgi complex near the 
nucleus, and some, but not extensive, endoplasmic reticu-
lum (with its associated ribonucleic protein particles), 
mitochondria, fat droplets, and pinocytotic vesicles. 
These vesicles are normally 600 A to 800 A in diameter 
occurring throughout the cytoplasm and emanating from the 
cell wall facing the basement membrane and the one facing 
the lumen. Those touching the plasma membrane appear as 
bags opening out to the cell wall or inpocketings of the 
cell membrane. Their structure and that of the plasma 
membrane appear identical in the electron microscope. 
These indentations are also known as caveolae or intra-
cellulares. The cells are separated by a space of about 
100 A and there is no trace of the intercellular cement 
which is apparently seen with the light microscope after 
silver staining or is postulated on the basis of permea-
bility measurements. However, at this junction can be 
seen an electron dense material just inside the cell 
membrane, believed to increase cellular adhesion. This 
54 
small area is generally called a desmosome, but it is also 
called an adhesion plate or an attachment belt. Perhaps 
this area is capable of taking up more silver than it does 
osmium and, therefore, gives the appearance described as 
intercellular cement when viewed under the light microscope. 
' 
Basement Membrane 
The basement membrane encircles the capillary and 
averages about 600 to 800 A in thickness. It is a struc-
ture which usually appears amorphous but which at times 
appears to be composed,in part, of fine fibrils. It is 
not known if it originates from the endothelium or where 
the forming substances come from. Chemically, the base-
ment membrane seems to be made of or associated with a 
:E..pithelium 
Lumen 
(A.ill~ OF CONNE.C'liVE TISSUE) 
Figure D 
NORMAL ALVEOLUS 
54 a 
c:lo1d body 
55 
mucopolysaccharide. The organelles associated with se-
cretion are scanty in both the endothelium and the epi-
thelium, thus making it doubtful that the basement membrane 
would be elaborated by our present concepts of cell pro-
duction. 
Alveolar Epithelium 
The alveolar epithelium constitutes the outermost 
layer in contact with the air space. Its general plan, 
with the nucleus to one side and cellular organelles, re-
sembles very closely that of the endothelium. The sections 
also reveal compact whorls of membranes referred to as 
myeloid bodies, or degenerate mitochondria; in reality 
their function is unknown. The identity of the inner and 
outer layers depends on two structural observations. The 
epithelium has microvilli on its outer surface and the 
lumen of the capillary endothelium generally contains fixed 
plasma and one or more fixed blood cells. 
Effects of Chemical Treatment 
to Induce Altered Fragility 
The application to the frog lung of chemicals known 
to alter transvascular exchange has been carried out and 
the effects on the vasculature have been studied with the 
electron microscope. Topical administration of four such 
substances has yielded surprisingly parallel results. It 
seems that the response of the alveolar cells and base-
ment membrane to foreign agents follows a definite pattern 
in the attempt to ward off the injurious effects. It is 
most interesting to realize from the onset of this presen-
tation how closely the responses observed here resemble 
those of pulmonary edema. Perhaps, then, these substances 
play a part in the production of diseases such as pulmon-
ary edema, or the alveoli respond according to a general 
pattern whenever foreign stimuli present themselves. In 
all instances, some normal alveoli were found, even after 
the most drastic chemical treatment. 
These effects are now summarized and categorized 
as stages in the disintegration of the blood air barrier, 
followed by a diagrammatic presentation of the stages. 
Stage I 
1. 
2. 
Stage II 
1. 
2. 
FIGURE E 
STAGES OF REACTION 
Epithelium shows blisters. 
Otherwise normal. 
General increase in size of 
mainly in epithelium. 
Basement membrane starts to 
pinocytotic vesicles, 
look fibrous. 
Stage III 
1. Some large intercytoplasmic vesicles appear 
in epithelium 
2. Basement membrane more fibrous, treatment 
makes it appear layered. 
3. Epithelial cell junctions start to separate, 
but not at desmosomes 
Stage IV 
1. Many large vesicles 
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2. Basement membrane very fibrous, some "collagen-
like" fibrils present 
3. Further cell separation, but held together 
by desmosomes 
4. Beginning of cell separation from basement 
membrane 
Stage V 
1. Epithelium pulled away from remaining basement 
membrane fibrils 
2. Capillary still intact 
Stage VI 
1. Destruction of epithelium 
2. Basement membrane almost destroyed 
Stage VII 
1. Epithelium and basement membrane destroyed 
2. Destruction of endothelium takes place 
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Reference to Figure F will show a diagrammatic 
presentation of these stages. The events in the break-
down of the lung alveoli follow in a sequential manner 
but the rate varies with time and concentration. A sum-
mary of results by time of treatment and concentration 
of chemicals used is presented in Table l. 
Chemical Effects 
Snake Venom 
The concentrations of snake venom which produced 
the best results were 0.02% to 0.2% made up in Ringer 
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and applied for intervals up to 20 minutes. The cellular 
response and damage were classified according to seven 
stages in order to represent the progressive changes tak-
ing place. It is necessary to realize that not all of the 
alveoli respond at the same rate and this results in con-
siderable overlap of the stages, which may explain the 
presence of normal alveoli when others are already in stage 
seven. 
The first response of the blood air barrier is a 
blistering of the epithelial cell surface facing the air. 
This may represent a pulmonary exudate utilized as a defen-
sive mechanism or simply the cellular response to a foreign 
stimulus. Secretion rapidly followed by swelling of the 
epithelium always represents the initial response. 
Table 1. 
Cone. 
Time 
5 minutes 
10 minutes 
15 minutes 
20 minutes 
Cone. 
Time 
5 minutes 
10 minutes 
15 minutes 
20 minutes 
Cone. 
Time 
5 minutes 
10 minutes 
15 minutes 
20 minutes 
FIGURE G 
SUMMARY OF CHEMICAL EFFECTS BY TIME AND 
CONCENTRATION 
Snake Venom 
0~0~ 0.2% 
Stage 1 Stage 1-3 
Stage 1-2 Stage 3-4 
Stage 1-3 Stage 4-6 
Stage 2-3 Stage 6-7 
Histamine 
1:10,000 1:1,000 
Stage 1 
Stage 1-3 
stage 2-4 
Stage 1-3 Stage 3-6 
Serotonin 
1:100,000 1:10,000 
stage 1 
stage 1-3 
stage 2-4 
Stage 1-3 Stage 3-6 
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Table 1 (Cont.) 
Cone. 0.001 
Time 
5 minutes 
15 minutes 
30 minutes 
Cone. 
Time 
One hour 
Two hours 
Three hours 
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SUMMARY OF CHEMICAL EFFECTS BY TIME 
AND CONCENTRATION 
Hyaluronidase 
gmjcc 0.01 gm/cc 
Connective 
tissue 
loosened 
stage 1-3 
Dextran 
6% Dextran 
Some larger vesicles 
difficult to ident-
ify. Basement mem-
brane enlarged. 
0.05 gmjcc 
Connective tissue 
loosened 
Stage 1-3 
Stage 3-5 
Imferon (Iron Dextran) 
Tracer in endothelium 
and epithelium 
Tracer in endothelium 
and epithelium 
Tracer in endothelium 
and epithelium, in 
vesicles and cyto-
plasm. 
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The changes occurring in the alveoli continue to 
be progressive with the pinocytotic vesicles increasing 
in size as the basement membrane starts to swell (Stage II). 
Coalescence of the enlarging pinocytotic vesicles prob-
ably accounts for the presence of larger cytoplasmic 
vesicles. In Stage III, the basement membrane gradually 
appears more fibrous containing a fine filamentous matrix 
interdisposed with a few larger filaments resembling col-
lagen in width but devoid of a periodicity along the blood 
air barrier. Large cytoplasmic vesicles appear in the 
epithelium, and its cellular junctions start to separate. 
However, in the area where the desmosome occurs the cells 
remain together. 
Stage IV is characterized by an increase in cytoplas-
mic vesicle size, further basement membrane disintegration 
and cellular separation. This stage also signals the be-
ginning of cellular separation from the basement membrane. 
Further chemical action results in Stage V. Here the 
epithelium has pulled away from the remaining basement 
fibrils. The capillary endothelium, however, remains intact 
and its cytoplasmic organelles appear normal. The epithelium 
now disappears, indicating Stage VI, and the basement mem-
brane is almost completely destroyed. Final destruction 
occurs when the endothelium separates, disintegrates, and 
allows escape of its contents (Stage VII). 
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The mitochondria, the cytoplasmic organelles which 
are most resistant to the effects of these chemicals, 
remain present through Stage VI with only slightly swollen 
cristae. The degenerate mitochondria, or myeloid bodies, 
are also present but their function is unknown. The Golgi 
and endoplasmic reticulum swell or enlarge from Stage II on 
and become quite indistinguishable unless RNP particles 
can be made out on the outer edge of the membranes. Pig-
ment granules, essentially structureless anyway, survive, 
in part, at least through Stage VI. The nucleus has been 
shown to be the most resistant organelle to cellular damage 
(Harrison and Philpott, unpublished). Here the nucleus 
resists change until Stage VII when it begins to show vacu-
oles and crenation. A more striking effect is the separation 
of the nucleus from the rest of the cytoplasm. Since the 
nucleus is generally connected to the cytoplasm by a system 
of pores, this is all the more remarkable. 
The frequent occurrence of plasma on both sides of the 
blood air barrier in Stage VI and its constant occurrence 
on both sides in Stage YII reveals leakage through this 
barrier. 
Histamine and Serotonin 
Histamine and serotonin yielded identical results with 
one exception. The serotonin proved to be at least 10 times 
as effective as histamine in the concentrations utilized. 
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Stage I and Stage II showed greater overlap since blis-
tering and increased vesicle size often occurred at the 
same time. Again, as with snake venom, the endothelium 
remains remarkably intact even after the disappearance 
of the epithelial layer. However, when the epithelial 
layer is gone, the endothelium is soon disrupted and 
broken down with subsequent loss of alveolar contents. 
The amorphous matrix of the basement membrane, in contrast 
with the results with snake venom, is not lost as rapidly, 
and even at Stage VI some of it still clings or remains 
adjacent to the endothelium. In one case, a visible sepa-
ration of the endothelium had allowed fibrin to traverse 
the basement membrane which was seen adjacent to the epi-
thelium. Reference to Figure 31 will show this result. 
The desmosomes again provide intracellular support as ref-
erence to Figures 8, 18, 23, 29, and 30 will show. Location 
of the desmosomes near the periphery of the epithelial layer 
is a general finding. 
Hyaluronidase 
The effects of hyaluronidase differ from those of the 
first three substances used in several respects. First, 
the initial response is a loosening of the connective tissue 
behind the alveolus creating large areas of free space 
sparsely interdispersed with collagen; presumably the hyal-
uronic acid is dissolved by the hyaluronidase. Reference 
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to Figures 33, 34, and 35 will show this effect. With 
sufficient time and/or concentration, changes through 
Stage V have been produced, paralleling the action of the 
first three chemicals during the early stages. The base-
ment membrane is considered to be a mucopolysaccharide, 
and reference to Figure 38 will show that in the later 
stages its width and therefore total content has been re-
duced to about one-third of its original size. A most 
unusual observation is also revealed in this picture in 
that outside the epithelium and adjacent to it are many 
areas of compact membranes forming a loose layer. This 
represents the only such observation, but further work 
may reveal its significance. 
Transvascular Movement 
Dextran 
Dextran was injected into the ventricle as a 6% 
concentration in Ringer's solution for periods up to 
three hours. The stages described previously were not 
encountered during this experiment. Some passage of the 
dextran was noted, and reference to Figures 39, 40 and 
41 will show dextran in the endothelial wall and incor-
porated in vesicles in what appears to be a phagocytic 
cell in the connective tissue behind an alveolus. The 
retention of the dextran in the blood appears to be ex-
cellent because more normal alveoli were observed than 
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excellent because more normal alveoli were observed than 
those which had phagocytized dextran. Due to the low 
opacity of dextran in the electron beam, the smaller 
pinocytotic vesicles could not be identified as contain-
ing dextran. The larger ones which could be seen to con-
tain dextran were few in number. 
Imferon 
Imferon, an iron labelled dextran, was used as a 
tracer for the dextran. This preparation also possesses 
a smaller molecular weight, 10,000 to 20,000, facilitating 
its transport through and incorporation by the cells. 
Reference to Figure 42 will show the results, as seen 
by the light microscope, of staining for iron after Imferon 
introduction into the frog ventricle for one to three hours. 
Reference to Figures 43, 44, and 45 will show electron mi-
crographs taken from the same block of tissue. Incorpora-
tion into vesicles is much more extensive than that of 
untagged tlextran, occurring in groups in several places. 
The iron tracer occurs in the cytoplasm as well as in the 
vesicles, with an increasing amount in the cytoplasm during 
the one to three hour period. Incorporation in cells behind 
the blood air barrier also occurs, as was observed with 
dextran. Reference to Figure 43 shows a plasma cell start-
ing to incorporate Imferon, and Figure 44 shows a large 
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vesicle almost completely filled, apparently at the expense 
of its cytoplasm. 
New Techniques for Electron Microscopy 
Methylene Blue Staining 
Light microscopy was also utilized with the methylene 
blue staining procedure described in this thesis. Detec-
tion of the seven stages reported for electron microscopy 
proved impossible with the light microscope. Considering 
the lower resolving power of the light microscope, it is 
not surprising that these stages, except for the final dis-
ruption at Stage VII, are not observable. However, the use 
of methylene blue staining was still extremely valuable. 
The alveoli could be located in large sections and then the 
block trimmed to about 0.1 mm by 1.0 mm for ultra-thin 
sectioning while still retaining the alveoli. The problem 
of tissue location in electron microscopy is a very diffi-
cult one. This technique resulted in ultra-thin sections 
which contained sufficient alveoli for observation of the 
chemical effects. 
Evans Blue 
One per cent Evans blue was also introduced into the 
blood (ventricle puncture) as a marker for edematous areas. 
This dye becomes adsorbed to the blood proteins and thus 
areas of leakage become a bright blue color. Thus the 
sampling problem was again reduced. 
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DISCUSSION 
Permeability and Inflammation 
One of the chief functions of the circulatory system 
is to maintain the quality and quantity of the tissue fluid 
in all parts of the body. A sufficient increase in capil-
lary permeability can seriously impair this function. Under 
these conditions a loss of blood proteins occurs, resulting 
in decreased osmotic pressure, and if this condition per-
sists, the decrease in blood volume may result in death. 
A change in permeability occurs during inflammation. 
According to the definition given by Berman (1962), 
"inflammation is the response of living tissue 
to irritation or damage, in which the micro-
circulation participates by reacting ideally 
to neutralize and remove the noxious components, 
to isolate or limit the injury, and to provide 
a good environment for the processes of regen-
eration or repair 11 • 
vascular contraction may occur first, but it is soon fol-
lowed by local dilation producing increased blood flow, 
elevated capillary hydrostatic pressure, leucocytic stick-
ing and emigration, increased permeability and leakage of 
protein into the perivascular tissue. This leakage ~ti-
creases the interstitial osmotic pressure, thus encouraging 
the outward flow of fluid from the microcirculation. 
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In 1878, Thomas surmounted the difficulties of work-
ing with mammals and demonstrated inflammation occurring 
in them as well as in amphibia. Florey (1962), in his 
recent book,reviews the subject of inflammation and re-
ports that the response to injury inflicted on a vascular 
tissue in marnrnalia, including man, is closely akin to that 
occurring in other animals such as amphibia. Thus the sub-
ject of this thesis should be applicable to mammals as 
well as amphibia. 
Inflammation must be considered a process and not a 
state. It is, as Selegrnan (1962) indicates, the local re-
sponse of a tissue to an irritant, which may be chemical 
(the subject of this thesis), bacterial, or traumatic. 
He claims that the process involves an inflammatory exu-
date which has the function of engulfing and isolating the 
irritant through the medium of the polymorphonuclear leuco-
cyte. 
The main function of the capillaries is the regulation 
and control of material which passes through them. We 
know about these main functions by means of various studies, 
for example, biochemical analysis of concentration gradients, 
the retention, leakage or passage of dyes and tracers, and 
kinetic studies of actual movements. various theories arise 
from these studies, such as the pore theory and the diffu-
sion theory. 
In most capillaries, in order to leave the blood 
stream, the fluid and the dissolved substances have to 
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pass through the endothelial cytoplasm. Thus other mech-
anisms than basement membrane filtration can be effective. 
Morphological observations indicate that different mech-
anisms facilitate passage through the capillaries. Pino-
cytosis, filtration, osmosis and diffusion must all play 
a role. Driving forces such as hydrostatic and osmotic 
pressures and differences in solute concentrations between 
the blood and tissue fluids enter into the transfer process. 
Structural Relationships 
The structural relationships of the capillaries to 
the alveoli have been confirmed in this study. The ultra-
structural cellular components of the epithelial and endo-
thelial cells resemble the organelles of other cells. The 
only important difference seems to be the extreme thinness 
to which the two layers are drawn in the vicinity of the 
blood air barrier, yet still retaining the three-layered 
structure. This produces the physical requirements nec-
essary for external respiration, bringing the blood and 
air in close proximity without alteration of the basic 
cellular structural plan of the organism. 
Separation of the cells during chemical application 
resulted in a beautiful demonstration of the holding power 
71 
of the desmosomes. Without exception, the last place to 
separate along the cellular junctions was the area of the 
desmosome. Perhaps this is the area of heavy silver stain-
ing in light microscopy, as mentioned previously. The 
constancy of the desmosome location is also remarkable. 
Reference to the pictures shows it between the cellular 
junctions, distal to the basement membrane. This indicates 
a greater need to hold the cells together distal to the 
basement membrane rather than proximal to it. 
Contractility of the microcirculation has been inferred 
without any real proof. Reference to Figure 17 will reveal 
fine fibrils which can occasionally be seen in the cytoplasm. 
Any inference of contractility from this observation would 
be unwarranted, and their use for structural purposes could 
be just as.:logical. However, smooth muscle is made up of 
fine fibrils and this similarity should not be overlooked. 
Mechanism of Action of Substances which Alter Fine 
Structure and Permeability 
The permeability of the alveoli has been altered by 
the use of chemicals and this alteration studied in the 
electron microscope. A characteristic pattern of reaction 
is observed from the application of the chemicals. Increased 
epithelial secretion, epithelial and basement membrane swel-
ling, and increased pinocytotic vesicle size are always ob-
served. These are all indications of increased transport. 
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Therefore, the chemicals, when used in sufficient quantity, 
increase permeability observable on an ultrastructural 
level. This process should be proportional to the con-
centration of the chemicals, and a small amount produces 
an equally small increase in permeability. 
The primary role of hyaluronidase has been shown to 
be that of dissolving hyaluronic acid. The hyaluronic 
acid is 5 A in diameter with lengths up to 26,000 A. This 
explains the inability to see it in ultra-thin sections 
in the electron microscope. However, dissolving hyaluron-
ic acid results in alteration of the spatial components of 
the connective tissue, dispersing the collagen which was 
intermixed with it. This change can be observed by refer-
ring to Figures 33, 34, and 35. Figure 36 demonstrates 
the increase in fragility of the cap (see arrow) due to 
the action of hyaluronidase on the supporting connective 
tissue. 
The random coiling of hyaluronic acid with such a long 
molecule entangling fibers of collagen, explains the dif-
ficult passage of particles, as small as viruses, through 
connective tissue. Hyaluronic acid is also highly elec-
trically charged and, further, acts to block passage by 
creating areas of higher charge where the coiling takes 
place. Freer passage through the connective tissue, due 
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to the breakdown of hyaluronic acid by the enzyme hyal-
uronidase, is now easily explainable. A further caution is 
necessary with respect to drawing conclusions about the 
effect of hyaluronidase. The activity of this enzyme is 
different when it comes from different origins, and this 
may be due to different enzymes. Therefore, all spread-
ing factors are not identical, and the source of hyaluroni-
dase must be considered when studying its effects. 
Correlation of Pulmonary Edema, Acute Pneumonia, 
and Chemical Effects 
The results of chemical application to the lungs 
correlate with Kisch;s observations on pulmonary edema 
and acute pneumonia (1958, 1960). His findings can be 
described in four stages: first, an increased secretion 
of the epithelium; second, swelling of the epithelium; 
third, large vesicle formation in the epithelial cytoplasm, 
which he calls "blister11 formation; and fourth, destruction 
of the epithelium. Thus the correlation between his work 
and mine is strikingly evident. He also observed separa-
tion of the two cellular layers and ultimate rupture of 
the endothelial wall. These progressive changes, then, 
seem to represent a general reaction of the alveolar cells 
to abnormal conditions. 
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Pinocytosis: Its Role and Significance 
Jancso (1947) claims that histamine plays a decisive 
role in the phenomenon of phagocytosis. He states that 
the histamine transforms resting endothelial cells into 
active phagocytes. Now phagocytosis and pinocytosis bear 
a really striking resemblance, engulfing by inpocketing 
of the surface membrane. It is tempting to speculate that 
the presence of histamine is, therefore, responsible for 
the pinocytotic vesicles although no real proof of this 
exists. Jancso claims that the central role of histamine 
is to serve as an initiator of phagocytosis in defensive 
and recuperative reactions. 
The uptake of dextran occurred by pinocytotic vesi-
cles but was not really observable until the vesicles in-
creased in size. As a result of this difficulty, Imferon, 
an iron labelled dextran, was used. It was hoped that the 
lower molecular weight would result in faster uptake and 
the iron label would make it visible. These two things 
did happen but a most surprising result also occurred. The 
labelled iron was rapidly released into the cytoplasm of 
the cells. At first this movement was difficult to under-
stand, but an unpublished observation by Palade may provide 
the explanation. Palade observed that a label, poisonous 
to the cell, was liberated from the pinocytotic vesicles. 
Imferon has been implicated as being carcinogenic and 
is very difficult to obtain from the supplier for this 
reason. The observations indicate a rapid uptake of the 
iron by the cells by means of pinocytosis and then its 
liberation into the cytoplasm. caution is thereby indi-
cated in the use of Imferon for the alleviation of per-
nicious anemia. 
The meaning of pinocytotic vesicles along the blood 
air barrier is not really clear. Perhaps without tissue 
present at the air barrier one of their functions could 
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be to provide moisture and the necessary material to main-
tain the integrity of the air surface. An increase in 
transport due to an increased stimulation of the cell, if 
sufficient, might then cause pulmonary edema. The bulk 
of the evidence at present indicates pinocytosis as a 
transport mechanism for passage into and through the cell. 
Presumably, material concentrates on the cell membrane and 
then inpocketings occur. These pinch off, passing to the 
opposite side, where the reverse process takes place, thus 
emptying their contents beyond the cell. Fusion with the 
endoplasmic reticulum or rupture of the vesicle in the 
cytoplasm would then leave its contents within the cell. 
Possible Passage of Fibrinogen 
Evidence from ultrastructural studies may indicate 
permeability of the vascular walls in the microcirculation 
to fibrinogen. The fibrinogen molecule is 475 A long 
with 65 A nodules at each end and a smaller 50 A nodule 
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in the middle. This linear array of three nodules is held 
together by a very thin thread 8 - 15 A in diameter (C.E. Hall 
and H. Slayter, 1958). The average diameter of the pino-
cytotic vesicle is sufficient to easily contain fibrinogen 
molecules. The opening to the pinocytotic vesicles on the 
surface of the cells is about 1/3 of their diameter and 
this shape requires entrance of fibrinogen to occur with 
lengthwise orientation, if indeed it does at all under nor-
mal conditions. The basement membrane also acts as a barrier 
to the passage of material and, as reported earlier, it is 
considered the primary filter of the blood vessel wall. 
Under pathological conditions, such as evoked by the 
addition of chemicals, transcapillary exchange is increased. 
The pinocytotic vesicles become enlarged and the basement 
membrane loses its amorphous appearance. However, even un-
der these conditions the entrance to the pinocytotic vesi-
cles does not increase sufficiently to permit entrance of 
the fibrinogen in a randomly oriented position. Even 
though the basement membrane acts as a barrier and the 
opening to the pinocytotic vesicles is so small that the 
fibrinogen must be oriented in order to enter, the possi-
bility of its passage does exist, especially during patho-
logical conditions. 
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Fibrin was observed (Fig. 31) between the basement 
membrane and the epithelium, but a gap in the endothelium 
occurred in this area. Until other experiments, such as 
tagging of the fibrinogen, can be worked out, its passage 
through the pinocytotic vesicles will remain questionable. 
Finally, membrane inpouchings and intracytoplasmic 
vesicles, if a transport mechanism, require energy ex-
penditure, and therefore will account for particle trans-
port against concentration gradients. Until new concepts 
are formed and data collected to convert plane sections 
into a dynamic three-dimensional system, most of our ideas 
will remain speculation when discussing function. The 
structural alterations presented to date represent an en-
couraging start in the quest to understand and correlate 
structure with function. 
SUMMARY 
Changes in Fine Structure Resulting from Substances 
Known to Increase vascular Fragility 
The alveoli and vascular tissue of the frog lung 
react according to a specific pattern when chemical sub-
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stances known to alter transcapillary exchange are placed 
upon them. The speed of this response varies directly 
with the concentration and duration of application. 
Blistering or welling up of the surface of the epi-
thelium occurs first. The action of the pinocytotic 
vesicles can be observed most accurately. They increase 
in size and then larger ones appear, apparently from co-
alescence of the smaller ones. The larger ones increase 
in size and become very large with respect to the size of 
the cell. The cell junctions begin to move apart in small 
localized areas. With time this separation increases, al-
lowing spaces large enough for the cellular components of 
the blood to enter. Soon the epithelial layer appears to 
retract in size, followed by general and rapid disintegra-
tion. Total destruction of the lung alveolus occurs with 
prolonged treatment. 
The amorphous matrix of the basement membrane is lost, 
revealing a fibrous nature in its makeup. Later, only the 
fibrous component remains. Even this comes apart in time 
under the action of the chemicals, allowing the inner and 
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outer layers to separate. The remaining fibers soon dis-
appear almost completely. 
The most resistant layer to the topical application 
of the chemical irritants proved to be the capillary en-
dothelium. First, the pinocytotic vesicles increase in 
size and then appear to coalesce, forming even larger 
droplets in the cytoplasm. Next, the cell wall, in contact 
with the basement membrane, begins to move away at various 
local regions. At first these areas are small, but as the 
chemical effects increase, the separation proceeds. The 
basement membrane then disintegrates and with its disappear-
ance the endothelium is irreversibly damaged. The end is 
signaled by plasma on both sides of the capillary, loss of 
cytoplasm followed by gaps in the cell wall, and then 
general disintegration. 
The action of histamine and serotonin parallel the 
effects produced by snake venom. However, the surface of 
the epithelium does not appear to blister as frequently. 
The pinocytotic vesicles increase in size and some become 
much larger, but few attain the very large size occurring 
with snake venom treatment. The junctions of the cells 
are seen to be apart in various places but total separa-
tion seldom occurs. When the treatment becomes irrever-
sible, cellular disintegration follows in the same manner 
as with snake venom treatment. 
The basement membrane again becomes more fibrous 
and although some of the fibers resemble collagen, at-
tempts to show the 640 A period have failed. Perhaps 
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the fine filaments and these fewer coarser "collagen 
appearingrr fibers all represent the same structural ma-
terial, giving elasticity to the lung alveoli. Thus the 
basement membrane is made up of a fine felt work of thin 
filaments within which, sparsely interdispersed, lie the 
larger ones resembling collagen but without a periodicity. 
In the normal lung these fibrils are embedded in an amor-
phous matrix, making identification of the fibrils diffi-
cult. Treatment with snake venom, histamine, and serotonin 
suggests that the normal basement membrane has a fibrillar 
nature. 
The endothelium withstands the topical treatment by 
histamine and serotonin for a longer time than the epi-
thelium or the basement membrane. The first observable 
change is a size increase in the pinocytotic vesicles. 
Next, some separation from the basement membrane occurs 
but this is not extensive. When damage to the epithelium 
is excessive, some fibrin can occasionally be found leaking 
through the basement membrane. Separation of the endotheli-
um does occur but not as extensively as with snake venom. 
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The effect of concentration was found to be different 
for serotonin as compared with histamine. The activity, 
mole for mole, of 5-HT was at least 10 times that of his-
tamine, agreeing well with the results reported by Majno 
and Palade (1961). Reduction of the serotonin concentra-
tion to match the activity of histamine produced identical 
results for the two chemicals. 
Hyaluronidase has been shown to dissolve the hyalur-
onic acid of connective tissue. It does not have such a 
definite action on the basement membrane, only slightly 
reducing it, and this may indicate a different structure 
for the basement membrane than that of hyaluronic acid. 
The fragility of the alveolar capillaries was increased 
when the hyaluronic acid of the connective tissue was dis-
solved {Fig. 36). Continued application of the enzyme or 
increased concentration produces results similar to those 
for the other chemicals. 
Intravascular dextran is taken up by the endothelial 
cells of the lung capillaries and enclosed in vesicles. 
However, its low density in the electron beam makes it 
difficult to observe, especially in the smaller pinocy-
totic vesicles. Iron labelled dextran, Imferon, was 
therefore utilized to observe the fate of dextran. The 
iron is visible in the light microscope by means of the 
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Prussian blue reaction and its own density makes it visi-
ble in the electron microscope. The tracer was observed 
in vesicles in the cytoplasm of the endothelium and epi-
thelium, therefore, passage through the basement membrane 
must have taken place. The tracer was also seen in large 
vesicles in the connective tissue. A plasma cell has also 
been photographed with tracer in several of its vesicles 
which are adjacent to the alveolus (see Fig. 43). 
The Lung as a Tissue of Choice 
In comparison with other tissues tested, the lung has 
proven to be an excellent choice for study of the changes 
in fine structure induced by substances which alter trans-
capillary exchange. It provides sufficient alveoli and 
vascular tissue for observation, does not collapse when 
the body is opened, is transparent enough to reveal leak-
age, and by virtue of being paired, provides one lung for 
a control during topical application. 
Evans Blue and Methylene Blue Identification 
Two new techniques were developed for identification 
of significant areas for electron microscopy. Evans blue, 
introduced by the injection of 0.2 cc of one per cent sol-
ution into the heart, is distributed through the circulation 
and reveals alveolar capillary leakage by forming bright 
blue areas. The lung specimens, fixed with osmium and 
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plastic embedded, are made clearly visible in the light 
microscope by the method of methylene blue staining re-
ported in this thesis. As a result, the sampling problem 
in electron microscopy was reduced, saving time and in-
creasing the number of usable observations. 
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APPENDIX 
ABBREVIATIONS USED ON ELECTRON MICROGRAPHS 
(Figs. l-45) 
100 
A alveolus Rbc red blood cell 
Bl blister sv snake venom 
BM basement membrane v vesicle 
c collagen 
Cl concentration of lymph 
Cp --- concentration of plasma 
Cm cEHl membrane 
Ct connective tissue 
D desmosome 
En endothelium 
. Ep epithelium 
ER endoplasmic reticulum 
F fibril 
G Golgi 
HA hyaluronic acid 
I Imferon 
IV intravenous 
J intercellular junction 
M mitochondria 
Mv microvilli 
N nucleus 
p pericyte 
Pl plasma 
Plc plasma cell 
Pv pinocytotic vesicles 
Normal Frog Lung and Vascular Tissue 
Figure 1. Frog lung prepared with the methylene 
blue staining for the light microscope 
as described in the thesis. 100 X 
Figure 2. Same preparation as in Figure 1, but 
oil immersion photograph. 970 X 
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Figure 3. A section of untreated frog lung 
fixed in buffered isotonic osmium tetro-
oxide, embedded in Araldite-502, sectioned 
for the electron microscope and counter 
stained in one per cent alcoholic PTA. 
All electron microscope sections are 
prepared in this manner. 30,000 X 
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Effect of Snake Venom on 
Alveolar and Vascular Tissue 
Figure 4. Frog lung treated with 0.02 per cent 
snake venom for five minutes. Note 
blister formation. 22,100 X 
Figure 5. Frog lung treated with 0.02 per cent 
snake venom for 10 minutes. Note 
surface blistering, swelling of the 
epithelium and basement membrane. 
27,000 X 
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Figure 6. same preparation, 0.02 per cent 
snake venom r~r 15 minutes. Note 
large blister formation in the 
epithelium . 20,000 X 
Figure 7. Snake venom, 0.02 per cent for 
20 minutes. Note epithelial cell 
separation. 40,000 X 
107 

Figure 8. Snake venom, 0.02 per cent for five 
minutes. Note cellular separation of 
the epithelial layer at all but the 
desmosome and the start of separation 
from the basement membrane. 10,000 X 
Figure 9. Snake venom, 0.2 per cent for ten 
minutes with blister formation and in-
creased basement membrane swelling. 
20,000 X 
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Mv 
Figure 10. Snake venom, 0.2 per cent for 15 
minutes. Note increased basement 
membrane disruption and separation 
of the layers. 
Figure 11. Snake venom, 0.2 per cent for 15 
minutes. Note increased separation of 
the layers, fibrillar nature of the 
basement membrane and overall increase 
in size of the pinocytotic vesicles. 
20,800 X 
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Figure 12. Lower magnification showing overall 
separation of the two layers and the 
remaining fibrillar nature of the base-
ment membrane with its amorphous appear-
ance now gone. Snake venom, 0.2 per 
cent for 15 minutes. 15,800 X 
Figure 13. A higher magnification of tissue 
treated in 0.2 per cent snake venom 
for 15 minutes showing the distinct 
coarse and fine fibrillar nature of the 
basement membrane revealed by the treat-
ment. 41,250 X 
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Figure 14. Snake venom treatment with 0.2 
per cent for 20 minutes. The plasma now 
appears on both sides of the endothelium, 
little remains of the basement membrane, 
and the pinocytotic vesicles are abnormally 
large. Note the mitochondria appear only 
slightly swollen. 35,000 X 
Figure 15. Endothelial disintegration, plasma 
appears on both sides of the endothelium 
and the nucleus is almost freed of its 
cytoplasm. 0.2 per cent snake venom for 
20 minutes. 30,000 X 
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Figure 19 . The last stage of disintegration. 
Snake venom~ 0.2 per cent for 20 minutes. 
Damage is so complete~ recognition of 
cell components is difficult . 14~000 X 
Figure 17. Snake venom 0.02 per cent for five 
minutes. The picture shows a fine fi-
brillar meshwork especially in the 
epithelium. 24~000 X 
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Figure 18. Snake venom, 0.2 per cent for 
15 minutes. Junction of two epithelial 
cells. Note junction is held together 
by just the desmosome. A thin layer of 
the basement membrane remains attached 
to the epithelium. 40,000 X 
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Effect of Histamine 
Figure 19. Frog lung treated with histamine, 
1:10,000 for 20 minutes. Note increase 
in vesicle size and basement membrane 
swelling as compared with Figure 3. 
35,000 X 
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Figure 20. Histamine treatment, 1:1,000 for 
five minutes. Note blister formation. 
24,000 X 
Figure 21. Histamine treatment, 1:1,000 for 
10 minutes. Epithelial swelling sepa-
ration and basement membrane separation. 
26,500 X 
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Figure 22. Histamine treatment, 1:1,000 
for 15 minutes. Presence of plasma 
under the epithelium indicates endo-
thelial leakage. 28,500 X 
Figure 23. Histamine treatment, 1:1,000 
for 15 minutes. Note cellular holding 
at the desmosome, swelling of vesicles 
and cristae of mitochondria. 42,000 X 
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Fi gure 24. Histamine treatment, 1:1,000 
for 20 minutes. Epithelial separation 
and disintegration. 22,500 X 
Figure 25. Histamine treatment, 1:1,000 
for 20 minutes. Almost all the epi-
thelium is gone. 31,500 X 
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Figure 26. Histamine treatment, 1:1,000 for 
20 minutes. Endothelial separation and 
destruction, leakage and debris on both 
sides. 36,000 X 
Effect of Serotonin 
Figure 27. Serotonin treatment, 1:100,000 
for 20 minutes. Note enlarged vesicles 
near the nucleus. 27,000 X 
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Figure 28. Serotonin treatment~ 1:10~000 for 
10 minutes. Epithelial swelling and 
enlarged vesicle formation. 
26~500 X 
Figure 29. Serotonin treatment~ 1:10~000 for 
15 minutes. Presence of plasma between 
layers indicates endothelial leakage. 
22~000 X 
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Figure 30. Serotonin treatment~ 1:10~000 for 
15 minutes. Epithelial cellular sepa-
ration at all but the desmosome. Note 
especially the coalescence of the enlarged 
pinocytotic vesicles. 36~400 X 
Figure 31. Serotonin treatment~ 1:10~000 for 
20 minutes. Note fibrin which has tra-
versed the basement membrane after passing 
through an endothelial opening. 
56~000 X 
133 
134 
Figure 32. Serotonin treatment, 1:10,000 for 
20 minutes. Epithelial destruction. 
25,000 X 
Effect of Hyaluronidase 
Figure 33. Hyaluronidase treatment, 0.01 gm/cc 
for five minutes. Note area below and 
to the right of the lumen. 27,000 X 
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Figure 34. Hyaluronidase treatment, 0.01 gmjcc 
for 15 minutes. The connective tissue 
behind the alveolus has been loosened 
and moved apart. HA marks the area where 
hyaluronic acid has presumably been dis-
solved. 15,000 X 
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Figure 35. Hyaluronidase treatment, 0,05 gm/ cc 
for five minutes. Further disruption of 
the connective tissue. 7,000 X 
Figure 36. Hyaluronidase treatment, 0.05 gm/cc 
for 15 minutes. Disruption of the base-
ment membrane and the hyaluronic acid has 
resulted in weakening of the capillary wall 
and extrusion of {see arrow) some of the 
endothelial wall. This is not a common 
observation but a good indication of the 
increase in fragility through the action 
of the hyaluronidase. 13,000 X 
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Figure 37. Hyaluronidase, 0.01 gm/cc for 30 
minutes. Epithelial disruption and 
blistering. 18,000 X 
Figure 38. Hyaluronidase, 0.05 gm/ cc for 30 
minutes. Epithelial separation and 
many unidentified membranous patterns 
on the air barrier. 18,000 X 
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Movement of Dextran 
Through Vascular Wall 
Figure 39. Dextran, six per cent for three 
hours. Vesicles contain dextran at 
arrows. 15,000 X 
Figure 40. Dextran, six per cent for three 
hours. A phagocytic cell in the con-
nective tissue just outside a lung 
capillary containing dextran. 
17,000 X 
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Figure 41. Dextran~ six per cent for three 
hours, in vesicles at arrows. 
Movement of Irnferon 
Through vascular Wall 
32~000 X 
Figure 42. Irnferon, one-half cc by ventricle 
puncture, for three hours. Section one 
micron thick, embedded in Araldite-502, 
oxidized with hydrogen peroxide and then 
stained with Prussian blue to locate the 
iron. Location of iron at arrows. Light 
microscope photograph. 400 X 
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Figure 43. Arrows indicate the location of the 
Imferon iron in all three layers, epithelial, 
basement membrane, and endothelial. A 
plasma cell abutting the capillary has in-
jested some of the iron. Imferon, one-half 
cc by ventricle puncture for three hours. 
10,750 X 

Figure 44. Another electron micrograph (EMG) 
showing distribution of iron and its 
incorporation outside the capillary. 
Imferon~ one-half cc by ventricle punc-
ture for three hours. 9~000 X 
Figure 45. Imferon~ one-half cc by ventricle 
puncture for three hours. Note that the 
iron is located both in vesicles and in 
the cytoplasm. 16,000 X 
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CHANJES IN FINE STRUCTURE OF THE FROO LUNG INDUCED 
BY SUBSTANCES ALTERING TRANS CAPILlARY EXCHANGE 
(Library of Congress No. Mic. 63 ) 
Delbert Eugene Philpott, Ph.D. 
Boston University Graduate School, 1963 
Major Professor: Dr. George P. Fulton, Professor of Biology 
and Chairman of Department 
In order to evaluate the possible role of dynamic alterations, 
both reversible and irreversible, in the ultrastructure of the capil-
lary wall as related to permeability, chemical substances known to 
alter transvascular exchange (moccasin snake venom, histamine and 
serotonin) were applied topically to the exposed lung of frogs, Rana 
pipiens and Rana catesbiana. Progressive stages of damage to lung 
and vascular tissues were revealed by electron microscopy. The speed 
of the response varied directly with the concentration and duration of 
application. The chemical concentrations were adjusted to produce all 
of the observable effects in about one half hour. 
First, the alveolar epithelium formed blister-like vesicles on its 
surface and increased in thickness. The pinocytotic vesicles appeared 
to be altered when the chemicals were applied, showing an increase in 
volume, which was due in some cases apparently to the coalescence of 
the smaller ones. This may be indicative of a~mented transport. These 
changes were accompanied by progressive separation of the epithelial 
cells. At first, the cell junctions began to move apart in small 
localized areas and this separation continued until the epithelial 
cells were held together only at the desmosomes. This was followed by 
portions of the epithelium moving away from the basement membrane and 
from its own junctions culminating in complete destruction of the epi-
thelium. Concomitantly the basement membrane increased in width and 
thin threads became apparent. After the epithelium was destroyed only 
the threads of the basement membrane remained. 
The layer most resistant to the topical applications proved to be 
the vascular endothelium. The pinocytotic vesicles, as in the epithe-
lium, increased in size and then appeared to coalesce, forming even 
larger droplets in the cytoplasm. Next the "Vascular endothelium began 
to move away from its contact with the basement membrane at various 
local regions. The separation proceeded as the chemical application 
continued. Some basement membrane threads remained with the endo-
thelium and then these disappeared as the endothelium became 
irreversibly damaged. The destruction of the endothelium was indicated 
by loss of cytoplasm followed by gaps in the cell wall, the appearance 
of plasma on both sides of the capillary, and then general disintegration. 
It is postulated that topically applied hyaluronidase first 
dissolved the hyaluronic acid of the connective tissue, thus weakening 
the mechanical support of the small blood vessels and consequently 
contributing indirectly to an increased fragility. Further treatment 
with hyaluronidase evoked the progressive alveolar destruction noted 
with snake venom, histamine and serotonin. 
In view of the reported increment in bleeding time in dogs rendered 
hypervolemic with dextran, both dextran and Imferon (dextran with iron 
incorporated) were injected into the ventricle of the frog and the 
vessel walls in the lungs were inspected for possible ultrastructural 
changes indicative of increased fragility. No such significant changes 
were detected. However, the dextran was taken up by the endothelial 
cells of the capillaries in the lung and it was possible to trace the 
pathway through the components of the vessel wall. The iron tracer 
on the Imferon was seen to pass through all three layers of the alveolus 
and break through the walls of the pinocytotic vesicles, to be released 
into the cytoplasm of the endothelial, epithelial, and connective tissue 
cells, thus implicating Im.f'eron as toxic to the cells. The pinocytotic 
activity appeared to be augmented when dextran and Imferon were in the 
blood. This is again indicative of altered transport. There were no 
concomitant findings of endothelial cell separation or enlarged pores 
between the endothelial cells or breaks in the basement membrane. 
Two new procedures were developed to aid in identification of 
significant areas of tissue for study by electron microscopy. The use 
of Evans Blue made it possible to observe and select visually edematous 
areas of the lung. The use of methylene blue made it possible to stain 
one micron thick sections of the material, already embedded for electron 
microscopy, for light microscope examination. Alveoli were thus located 
and sections desirable for electron microscopy could be more readily 
prepared. 
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